Introduction {#S0001}
============

Natural disasters have always been an inevitability in society and their impact on health cannot be measured immediately. In the Southeastern United States, hurricanes are currently the costliest natural disaster and they appear to be occurring more frequently than previous decades. Recently, hurricane Dorian ravaged the Bahamas, the direct effect on human loss and infrastructure damage is still being evaluated; also, in 2017 hurricane Maria devastated Puerto Rico. The direct damage wreaked havoc to the islands' infrastructure, but the indirect result of that damage played a significant role in the inhabitant's healthcare and life. The major hurricane to hit the US before Maria was Hurricane Irma.

Hurricane Irma was one of the strongest and costliest hurricanes (fourth costliest in America's history) in the Atlantic basin. It reached a Category 5 intensity on the Saffir--Simpson Wind Scale; however, after it made landfall in the Florida Keys, the intensity had weakened to category 4 and later on to Category 3 intensity when it reached Southeastern Florida on September 10th, 2017.[@CIT0001] Heavy rain and substantial flooding affected downtown Miami. Ten deaths were reported in the United States as directly related to the hurricane. Unfortunately, many more indirect deaths occurred. The real cost to healthcare is felt overtime and its ramifications may be seen for years.

Several studies have described the effects of natural disasters on emergency medicine;[@CIT0002] however, this report investigates the effects of an appropriately managed natural disaster on patient care in a tertiary clinical setting. In this setting, an ophthalmology practice focusing on retinal diseases and ocular neoplasms, emergency preparedness was analyzed to see how Hurricane Irma affected patient care.

Methods And Materials {#S0002}
=====================

Electronic medical records of patients that were rescheduled during Hurricane Irma were reviewed. All patients included in this review were being treated for various retinopathies, including but not limited to: diabetic retinopathy, radiation retinopathy, vein occlusions, choroidal neovascularization, or neovascular age-related macular degeneration ([Figure 1](#F0001){ref-type="fig"}). These are conditions that involve vascular activity in the retina. Treatment modality for vascular retinal disease has evolved over that last several decades. Laser ablation, cryotherapy, photodynamic therapy, and transpupillary thermotherapy are well-known strategies to treat anomalous vascular activity of the retina, these modalities are less frequently used today. Starting in the early 2000s, intravitreal injection therapy has become the most prevalent initial treatment for vascular and tumoral retinopathies. The main medications used in intravitreal injection therapy are anti-VEGF agents and steroids. Anti-VEGF medications need to be kept refrigerated at 2°C to 8°C until the expiration date. In this study, all patients were on a treatment schedule to receive intravitreal injection therapy with bevacizumab, aflibercept, or triamcinolone acetonide ([Figure 2](#F0002){ref-type="fig"}). A total of 205 patients missed their appointments while the office was closed due to the hurricane. All the patients were rescheduled, but patients that were currently not receiving intravitreal injection therapy were excluded from this review. Patients' visual acuity and macular thickness changes on spectral domain optical coherence tomography (SD-OCT) before Hurricane Irma and their initial visit after the storm were studied.Figure 1Pie chart distribution for underlying condition of patients that were rescheduled during Hurricane Irma.Figure 2Pie chart distribution of treatment being utilized for patients before hurricane.

For the purpose of this review, the authors also assessed emergency preparedness plans to minimize the challenges following catastrophic events. This study is approved by Larkin Hospital Institutional Review Board, Miami, Florida, USA. The patient's consent waiver is assigned for retrospective studies. The patient's data confidentiality is respected, and this study is compliant with the Declaration of Helsinki.

Results {#S0003}
=======

Eighty-two patients (96 eyes) were analyzed. There were 45 female (55%) and 37 male (45%) patients. Fifty-two right eyes and 43 left eyes were treated. The mean delay in treatment was 19.6 days ([Figure 3](#F0003){ref-type="fig"}). Prior to the storm, average best-corrected visual acuity was 20/97 (0.7 logMAR). Initial visits after the hurricane revealed patients' average visual acuity to be 20/82 (0.6 logMAR). Central macular thickness change was only −1.30 μm. Intraocular pressure was not affected by the delay in care for these patients. There were no other ocular side effects related to the storm. [Figure 2](#F0002){ref-type="fig"} shows the therapies used for the management of the ocular conditions: 62 eyes received Bevacizumab (65%), 30 eyes received Triamcinolone (30%), and 3 eyes were injected with Aflibercept (3%).Figure 3Patient delay distribution.

In preparation for a natural disaster, our office is equipped with a back-up generator, located at the first floor of the building in a secure room. There was no power outage in the neighborhood aftermath of Irma. Therefore, Internet connection, phone lines, and electronic medical record access were possible. The medications (Anti-VEGF: Bevacizumab and aflibercept) were maintained at the appropriate temperature in the refrigerator. All medications, including Triamcinolone, did not expire during the acute crisis.

Discussion {#S0004}
==========

Most of the time, storms result in injuries or fatalities; however, the potential hazards following the aftermath are more dramatic and can be catastrophic for human health.

Independently of the impact on eye health, disasters such as Irma can cause significant burden to private practices. To the best of the authors' knowledge, this is the first report regarding natural disaster preparedness and its impact on ophthalmology practices. In this case, the patients that were rescheduled did not have an increase in ocular morbidity. Minimizing the delay in treatment was a key factor. Other factors that contributed to this outcome included minimal loss of electricity, prompt clearing of road debris, and good communication among the staff and patients. Although there cannot be a control arm for comparison in this unique review, based on previous studies assessing interval time between intravitreal injection therapy, we believe that any further delay in treatment would have significantly contributed to patients' loss of vision and/or worsening ocular anatomy.[@CIT0003],[@CIT0004] Intravitreal injection therapy has shown to keep visual acuity and macular anatomy stable in several studies.[@CIT0005]--[@CIT0007] Additionally, appropriate treatment modality regarding injection intervals prior to the hurricane may have aided in improving outcomes despite the delay in therapy.

Other studies have also investigated the impact of natural disasters on patient care.[@CIT0008]--[@CIT0013] One study showed that timely deployment of emergency team and preparedness plan greatly assisted in the effectiveness of care delivery for patients.[@CIT0008] Furthermore, the lack of preventable errors at hospitals can be attributable to strategic planning. The use of electronic health records has been reported to facilitate access to patient data and made rescheduling process easier.[@CIT0009] In large hospital centers, stocking up on medications and resources before the hurricane helped provide an adequate care the first few days after the storm. Whereas our clinical setting is smaller, deficit in preparation could have had a severe effect on the budget.

Since the use of electronic medical records, it has been clear that electricity and Internet connectivity are fundamental in today's health-care era. Access to medical history and contact information is of paramount relevance for treatment and management of simple and complex conditions. Private practice buildings should have a back-up electrical system that operates automatically, within seconds of a utility outage. Each refrigerator containing medications must have an accurate thermometer 24 hrs a day. If a power outage affects the office, the medications that require specific temperatures might be lost, representing thousands of dollars lost. In addition, changes in temperature of these medications may also allow growth of microorganisms. If this occurs, and an intravitreal injection is performed, the morbidity is exponentially increased with risks of endophthalmitis and potentially blindness.

Conclusion {#S0005}
==========

This report exemplifies the importance of appropriate patient care before a natural disaster and the importance of patient communication and infrastructure repair immediately after the disaster. Furthermore, mastery of electronic health records facilitates access to patient data and minimizes delay in treatment.
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